We present measurements of the branching fractions for the decays B → Kµ + µ − and B → Ke + e − , and their ratio (RK ), using a data sample of 711 fb −1 that contains 772 × 10 6 BB events. The data were collected at the Υ(4S) resonance with the Belle detector at the KEKB asymmetricenergy e + e − collider. The ratio RK is measured in four bins of dilepton invariant-mass squared, q 2 ; the results are The first uncertainties listed are statistical, and the second uncertainties are systematic. The RK value in the whole q 2 range is found to be 1.06
+0.15
−0.14 ± 0.07. We also measure CP −averaged isospin asymmetries in the same q 2 bins; the results are consistent with a null asymmetry with the largest difference of 2.7 standard deviations is found in the q 2 ∈ (1.0, 6.0) GeV The decays B → Kℓ + ℓ − (ℓ = e, µ), which are mediated by the b → sℓ + ℓ − quark-level transition, constitute a flavor-changing neutral current process. Such processes are forbidden at tree level in the standard model (SM) but can proceed via suppressed loop-level diagrams, and are therefore sensitive to particles predicted in a number of new physics models [1, 2] . A robust observable [3] to test the SM is the lepton-flavor-universality ratio,
where H is a K or K * meson and the decay rate Γ is integrated over a range of the dilepton invariant-mass squared, q 2 ≡ M 2 (ℓ + ℓ − ). For R K * , recently LHCb [4] reported hints of deviations from SM expectations, while Belle [5] results were consistent with the SM. LHCb also measured R K [6] , reporting a difference of about 2.5 standard deviations (σ) from the SM prediction in the q 2 ∈ (1.1, 6.0) GeV 2 /c 4 bin. Previous measurement of the same quantity was performed by Belle [7] in the whole q 2 range with a data sample of 657×10 6 BB events. The result presented here is obtained from a multi-dimensional fit performed on the full Belle data sample, and supersedes our previous result.
Another theoretically robust observable [8] , where the dominant form-factor-related uncertainties cancel, is the CP -averaged isospin asymmetry, that measures the difference in partial widths,
where τ B + /τ B 0 = 1.076 is the lifetime ratio of B + to B 0 [9] . The A I value is close to zero in the SM [10] . Earlier, BaBar [11] , Belle [7] and LHCb [12] had reported A I to be significantly below zero, especially in the q 2 region below the J/ψ resonance.
We report here a measurement of the decay branching fractions of B → Kℓ + ℓ − , and R K and A I in the whole q data sample containing (772 ± 11) × 10 6 BB events. The data were collected by the Belle experiment running near the Υ(4S) resonance at the KEKB e + e − collider [13] . An 89 fb −1 data sample recorded 60 MeV below the Υ(4S) peak (off-resonance) is used to calculate the contribution of continuum background in the analysis.
The Belle detector is a large-solid-angle magnetic spectrometer composed of a silicon vertex detector (SVD), a 50-layer central drift chamber (CDC), an array of aerogel threshold Cherenkov counters (ACC), a barrel-like ar-rangement of time-of-flight scintillation counters (TOF), and an electromagnetic calorimeter (ECL) comprising CsI(Tl) crystals. All these are located inside a superconducting solenoid coil that provides a 1.5 T magnetic field. An iron flux return yoke placed outside the coil is instrumented with resistive plate chambers (KLM) to detect K 0 L mesons and muons. Further details about the detector can be found in Ref. [14] . Two inner detector configurations were used: a 2.0 cm radius beam-pipe and a three-layer SVD for the first sample of 140 fb −1 ; and a 1.5 cm radius beam-pipe, a four-layer SVD, and a smallcell inner CDC for the remaining 571 fb −1 [15] . To study properties of signal events and optimize selection criteria, we use samples of Monte Carlo (MC) simulated events. These are generated with the EvtGen package [16] based on a model described in Ref. [17] ; PHOTOS [18] is used to incorporate final state radiation.
The detector response is simulated with GEANT3 [19] .
We reconstruct B → Kℓ
) [20] decays by selecting charged particles that originate from the vicinity of the e + e − interaction point (IP), except for those originating from K 0 S decays. We require impact parameters less than 1.0 cm in the transverse plane and less than 4.0 cm along the z axis (opposite the e + beam). To reduce backgrounds from low-momentum particles, we require that tracks have a minimum transverse momentum of 100 MeV/c.
From selected tracks, we identify
where L π and L K are the likelihoods for charged kaons and pions, respectively, calculated based on the number of photoelectrons in the ACC, the specific ionization in the CDC, and the time-of-flight as determined from the TOF. We select kaons by requiring R K/π > 0.6, for which the kaon identification efficiency is 92% with a pion misidentification rate of 7%. For the neutral B decay, candidate K 0 S mesons are reconstructed by combining two oppositely charged tracks (assuming pion mass for both) with an invariant mass between 487 and 508 MeV/c 2 ; this corresponds to 3σ window around the nominal K 0 S mass [9] , and are identified with a neural network (NN). The variables used for this NN are: the K 0 S momentum in the laboratory frame, the distance along the z axis between the two track helices at their closest approach, the flight length in the x − y plane, the angle between the K 0 S momentum and the vector joining the IP to the K 0 S decay vertex, the angle between the pion momentum and the laboratory-frame direction in the K 0 S rest frame, the distance of closest approach in the x − y plane between the IP and the two pion helices, and the total number of hits (in the CDC and SVD) for each pion track.
Muon candidates are identified based on information from the KLM. We require that candidates have a momentum greater than 0.8 GeV/c, and a penetration depth and degree of transverse scattering consistent with those of a muon [21] . A criterion on the normalized muon likelihood, R µ > 0.9, is used to select muon candidates. For this requirement, the average muon detection efficiency is 89%, with a pion misidentification rate of 1.5% [22] .
Electron candidates are required to have a momentum greater than 0.4 GeV/c and are identified using the following information: the ratio of ECL energy to the CDC track momentum; the ECL shower shape; the position matching of the CDC track with the ECL cluster; and the specific ionization in the CDC [23] . A requirement on the normalized electron likelihood R e > 0.9 is imposed. This requirement has an efficiency of 92% and a pion misidentification rate below 1% [22] . To recover energy loss due to possible bremsstrahlung, we search for photons inside a cone of radius 50 mrad centered around the electron momentum. If a photon is found within the cone, its four-momentum is added to that of the electron.
Charged (neutral) B candidates are reconstructed by combining K ± (K 0 S ) with suitable µ ± or e ± candidates. To distinguish signal from background events, two kinematic variables are used: the beam-energy-constrained mass 2 , and the energy difference ∆E = E B − E beam , where E beam is the beam energy, and E B and p B are the energy and momentum, respectively, of the B candidate. All these quantities are calculated in the e + e − center-of-mass (CM) frame. For signal events, the ∆E distribution peaks at zero, and the M bc distribution peaks near the B mass. We retain events satisfying the requirements −0.1 < ∆E < 0.25 GeV and M bc > 5.2 GeV/c 2 . With the above selection criteria applied, about 2% of events are found to have more than one signal B candidate. We retain the candidate having the smallest χ 2 value from a vertex fit of the B daughter candidates. From MC simulation, we find that this criterion identifies the correct signal decay 78-85% of the time, depending on the decay mode. The decays + e − →(q = u, d, s, c) continuum events and other B decays. As lighter quarks are produced with large kinetic energy, the former events tend to consist of two back-to-back jets of pions and kaons. In contrast, BB events are produced almost at rest in the CM frame, resulting in more spherically distributed daughter particles. We thus distinguish BB events frombackground based on event topology.
Background arising from B decays mostly has two un-correlated leptons in the final state. Such background falls into three categories: (a) both B andB decay semileptonically; (b) a B →D ( * ) Xℓ + ν decay is followed byD ( * ) → Xℓ −ν ; and (c) hadronic B decays where one or more daughter particles are misidentified as leptons. To suppress continuum as well as BB background, we use an second NN. This NN is trained using the following input variables:
(1) A likelihood ratio constructed from modified Fox- Wolfram moments [24, 25] .
(2) The angle θ B between the B flight direction and the z axis in the CM frame (for BB events, dN/d cos θ B ∝ 1 − cos 2 θ B , whereas for continuum events, dN/d cos θ B ≈ constant).
(3) The angle θ T between the thrust axes calculated from final state particles for the candidate B and for the rest of the event (the thrust axis is the direction that maximizes the sum of the longitudinal momenta for all particles). For signal events, the cos θ T distribution is flat, whereas for continuum events it peaks near ±1.
(4) Flavor-tagging information from the tag-side (recoiling) B decay. The flavor-tagging algorithm [26] outputs two variables: the flavor q of the tag-side B, and the tag quality r. The latter ranges from zero for no flavor information to one for unambiguous flavor assignment. (6) The separation in z between the signal B decay vertex and that of the tag-side B.
(7) The separation between the two leptons along the z-axis divided by the uncertainties in the transverse plane.
(8) The sum of the ECL energy of tracks and clusters not associated with the signal B decay.
(9) A set of variables developed by CLEO [27] that characterize the momentum flow into concentric areas around the thrust axis of a reconstructed B candidate.
The NN outputs a single variable O, for which larger values correspond to more signal-like events. To facilitate modeling the distribution of O with an analytic function, we transform O to a new variable: To avoid biasing our results, all selection criteria are determined in a "blind" manner, i.e., they are finalized before looking at data events in the signal region.
We determine the signal yield by performing a three dimensional unbinned extended maximum-likelihood fit to the M bc , ∆E and O ′ distributions in different q 2 bins. The fits are performed for each mode separately. The probability density functions (PDF) used to model signal decays are as follows: for M bc we use the sum of a Gaussian and a Crystal Ball function [28] , whereas for ∆E we use a single Gaussian and for O ′ we use the sum of an asymmetric Gaussian and a regular Gaussian with a common mean. All signal shape parameters are obtained from MC simulation. To account for small differences observed between data and MC simulations, we introduce a small offset in the mean positions and scaling factors for the width. The values of these parameters are obtained from fitting the control sample B → J/ψ(→ ℓ + ℓ − )K decays and kept fixed. The shape of M bc , ∆E and O ′ distributions for background arising from B-decays are parameterized with an ARGUS function [29] , an exponential, and a Gaussian PDF, respectively. Similarly, the continuum background is modeled using an ARGUS, a firstorder polynomial and a Gaussian function for M bc , ∆E and O ′ , respectively. The shape of BB and continuum backgrounds are very similar in two of the fit variables, and this makes it difficult to independently vary the yields of both backgrounds. Hence, the continuum yields are obtained for each mode in each q 2 bin from the offresonance data sample. These yields are consistent with those of the high-statistics off-resonance MC sample and kept fixed during the fits. The results of the fit projected in a signal-enhanced region [M bc ∈ (5.27, 5.29) GeV/c 2 , |∆E| < 0.05 GeV and O ′ ∈ (1.0, 8.0)] for M bc , ∆E and O ′ distributions in the data sample are shown in Figs. 1  and 2 .
The fit is also performed in the aforementioned four q 2 bins including the bin 1 < q 2 < 6 GeV 2 /c 4 , where LHCb result has deviation, and R K and A I are calculated from Eqs. (1) and (2), respectively. The results are listed in Table I . The results for R K and A I are also shown in Figs. 3 and 4 , respectively. Systematic uncertainties in the branching fraction arise mainly from lepton identification: about 2% (1.6%) for muon (electron) identification for each lepton. Uncertainty due to hadron identification is about 0.8% for K + ℓ − , and the corresponding uncertainty is estimated as 1.5%. The uncertainty due to PDF shapes is evaluated by varying the fixed shape parameters by ±1σ and repeating the fit; the change in the central value of N sig is taken as the systematic uncertainty, which ranges from 0.1% to 0.6%. The uncertainty due to the fixed yield of continuum events is estimated by varying the yield by ±1σ in the fit; the resulting variation in N sig is found to be less than 1%. In the case of R K , systematic uncertainties due to charged track reconstruction, hadron identification, number of BB events, and the ratio B[Υ(4S) →
] cancel, while for the A I measurement lepton identification and the number of BB events cancel.
In summary, we have measured the branching fractions, their ratios (R K ) and the CP -averaged isospin [6, 30] result, which has a deviation of 2.5σ, as well as the SM expectation. The A I for almost all the bins for different channels have negative asymmetry. For the bin q 2 ∈ (1.0, 6.0) GeV
